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This paper summarizes the 1 st phase of the Responsive Replacement 
Vehicles, RESERVES, study performed by the McDonnell Douglas Electronic 
Systems Company (MDESC) for the Air Force Space Systems Division/DCS 
Development Planning (SSD/XRP). This summary comprises the results of a 
comprehensive analysis of responsive satellite system requirements, complete 
architectural design, and operational concepts. 
Evolving Weapons Strategy 
Our U.S. military strategy is changing as a result of fiscal plans to reduce the 
military budget, and in response to technological, geopolitical and economic 
developments. Military planners in the nineties face the dual challenge of 
deploying numerically smaller forces against a broader world wide threat 
spectrum. The disintegration of the traditional NATOIWarsaw Pact oriented 
defense posture with large numbers of U.S. troops forward deployed on foreign 
soil is rapidly evolving to a more crisis response tailored military structure. The 
number and geographic diversity of potential adversaries will continue to grow, 
and third world nations will obtain increasingly sophisticated long-range 
weapons. Theater Commander-in-Chiefs (CINCs) will simply have to cover 
more potential contingencies with small, well equiped, mobile forces. The key to 
successful response will be a flexible C31, the kind of support best provided from 
space systems that are responsive to varying requirements, provides support in 
a timely fashion and are affordable enough to provide support whenever 
required without years of development, procurement and deployment cycles. 
The new strategy contributes to the need for responsive satellite systems to 
safeguard a more limited and deployable force structure, increase survivability, 
and enhance warfighting capability. 
Commitment of our weapon systems requires up-to-date real time information 
on enemy force location, deployment, and equipment. The use of space sensors 
with integrated command and control is a vital element of our force structure. 
When integrated with command and control, satellites are capable of supporting 
a broad class of tactical weapon platforms for a wide range of missions. 
The RESERVES Satellite System 
In light of discussions of defense cutbacks, the objective of military planners 
is to create a numerically smaller but better equipped force, with smarter and 
more advanced equipment. The RESERVES system concept can support the 
evolving US force structure by providing low cost satellite mission support to 
increase effectiveness of operational military units. 
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RESERVES space vehicle designs are low cost, and producible in quantity. 
The ability to deliver cost effective satellites to military users results from the 
development of a lightweight space vehicle design consisting of a standard bus 
architecture which supports a variety of mission payloads. Launch vehicles are 
derived from existing technology to further reduce costs and ensure reliability. 
The RESERVES study developed three documents system level 
requirements, associated designs, and operational concepts with sufficient 
detail to proceed with further study where needed, or with a proof of concept test 
program. This study forms a basis for developing system specifications 
containing detailed requirements that fully delineate the RESERVES space 
system. 
1.0 Background 
Existing United States satellite systems do not meet a large variety of tactical 
user needs for accurate, timely data. The purpose of the RESERVES program 
is fill this gap by providing satellites specifically tailored to the needs of military 
theater users. User requirements dictate satellite/payload configurations, orbits, 
payload operation, and data dissemination. RESERVES provides real time 
satellite data directly to theater users in a timely fashion. 
RESERVES is needed to support a continuing, comprehensive review and 
assessment of both the current national posture in military space application 
and the capabilities that will be required in a dynamic global geopolitical 
environment. A number of recent national level studies and policy directives 
have addressed the myriad of issues associated with the integration of space 
and military operations. These studies and directives have consistently 
correlated the essential nature of space systems with' military operations and 
have, in many instances, identified serious deficiencies involving basic system 
architectural elements in the current systems. Specific deficiencies cited 
include launch response, operational connectivity, and systems survivability. 
The series of catastrophic failures in both manned and expendable launch 
vehicle (ELV) systems during 1986-87 have vividly illustrated the limitations of a 
national space doctrine founded and maintained virtually in its entirety upon the 
development and employment of large redundancy-oriented, long-duration 
space vehicle and launch systems. Such failures have highlighted the lack of 
an assured access to space which in turn, has been translated into a highly 
visible threat to national security. This realization provided the catalyst for the 
current ongoing assessment of military space capabiflties and requirements. 
1 .1 Responsive, Replacement Satellite Capabilities Summary. 
RESERVES will provide both baseline and growth capabilities to support 
emerging NCAlJCS/CINC strategic and tactical military space doctrine. 
The RESERVES architecture encompasses a total system comprised of the 
Launch, Space, Mission Control and Theater Operations segments. 
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RESERVES is capable of launching a space vehicle within 72 hours of "mission 
call-up." It is also capable of maintaining a six-hour "launch hold" status for up 
to 30 days. RESERVES includes spacecraft, payloads/sensors, launch 
vehicles, launch facilities, mission control facilities, associated support and test 
equipment, communications, software, hardware and theater ground terminal 
equipment. 
1 .2 Tactical Satellite System (TACSAT). 
USSPACECOM has been tasked to support tactical commanders during 
peace, crisis, and war. Accordingly they are responsible for development of a 
family of tactical satellites which supply data about the battlefield, enemy order 
of battle, targeting, strike assessments, command and control, communications, 
weather, etc., directly to combat forces. The basis of this need arises from 
deficiencies of existing space systems to meet the expanded mission of tactical 
units. Defense guidance has assigned a high priority to supporting tactical 
command war fighting. 
There is a need to provide real-time tactical satellite data directly to field 
commands. Data requirements are typically concentrated over specific areas of 
tactical interest which may rapidly change in a crisis environment. 
During crisis, tactical commanders must compete with other national users 
for scarce satellite resources. The type of satellite support needed and 
requirements for frequency of· data update can change rapidly as a crisis 
evolves. The frequency and type of data updates required can be met by 
rapidly deploying RESERVES satellites in orbits that maximize the number of 
passes or dwell time over specific areas. Rapid response and launch surge 
capability is needed to ensure timely satellite support during evolving tactical 
situations. 
1.3 Summary of Military Trends 
In summary, for the next twenty (20) years, the world is likely to undergo 
military and geopolitical change and instability at a rate unmatched since World 
War II. The major powers will shift away from cold war policies with large, but 
relatively stable armed camps on each side of an "Iron Curtain". Military 
budgets will decline, but the trend toward small forces armed with smart, long-
range weapons will increase. Competition among smaller nations will focus on 
gaining economic advantage, and military force will be employed whenever it is 
deemed advantageous to do so. The United States and Soviet Union will 
remain major competitors, but the focus will shift to more subtle manifestations 
of conflict. Soviet military capabilities will drive the need for improved C3 1 
assets, and RESERVES can provide an effective solution to the increased 
battlefield size and sho.rtened reaction times. 
The USSR, Warsaw Pact, and North Korea will continue to export weapons 
at an increasing rate, often to governments which are politically unstable and 
are ripe for regional conflict. Consequently, the Third World Nations, who are 
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continuing to fall behind economically compared to the developed nations, are 
the most probable source of hostilities. The sophistication of modern weapons 
will increase, and RESERVES will be required to respond to their effects over a 
wide geographic area. The mobility and rapid response features of the 
RESERVES system will be an integrated part of military doctrine and tactics. 
Under USCINCSPACE, RESERVES will support the worldwide needs of the 
warfighters as an integrated asset of the JCS. 
2.0 SYSTEM· ARCHITECTURE OVERVIEW 
It is imperative to implement a total systems approach to RESERVES. 
Throughout the study, we emphasized the importance of a total system design, 
not just a spacecraft design. This approach translates into an architecture that 
is implementable, cost effective, and reliable in terms of decreased system 
development costs to the .customer and simplifies transition and employment 
efforts for the user. 
Figure 1 RESERVES Systems Architecture _Overview 
Figure 1 depicts the entire architecture for RESERVES in a graphic format. 
The architecture consists of the two launch sites, located at Vandenberg Air 
Force Base (VAFB) and Cape Canaveral Air Force Base (CCAFS), the satellite 
constellation with the designed in feature of down linking payload data directly 
to the tactical users. The centralized mission control concept located in 
CONUS, and the distributed array of theater users are also shown. This figure 
demonstrates the world wide scope of such an architecture. To effectively 
organize and develop the wide variety of interrelated components of such a 
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system, we broke out the architecture into four segments (Launch Segment, 
Space Segment, Mission Control Segment and Theater Operations Segment) 
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o Launch Vehicles 
o Launch Pads/Platforms 
o Launch Control Center 
o Spacecraft Bus 
o Payloads 
OAGE 
Mission Control Segment 
~~/~. 
-....~ 
o Mission Control Center 
o Satellite Control Network 
(SeN) 
o Maintenance/Engineering 
Figure 2 RESERVES System Segments 
2.1 Launch Segment 
Theater Operations Segment 
P/L Data Termination 
o Mission Planning 
o Organic Communication/Data 
, Unks ' 
o Data Processing/Exploitation 
The RESERVES Launch Segment includes all of the equipment, facilities, 
flight and test hardware and personnel required to successfully launch and 
deploy RESERVES satellite vehicles into their predetermined orbits. Included 
in this segment are: 
-Launch Vehicles 
-Launch Pad Facilities 
-Command and Control Systems 
-Test EquipmenVProcedures 
-Support Software 
-Interfaces with Other RESERVES Segments 
-Personnel Manning and Training 
-Range and Safety Support 
Launch vehicle' analysis shows that the Taurus SSLV and Pegasus Launch 
Vehicles will meet or exceed the launch vehicle .requirements for RESERVES 
missions. Pegasus is capable of launching the smaller weight and volume 
range of RESERVES space vehicles (approximately 800 Ibs. to a 100 mile polar 
orbit). While the Taurus SSLV will be used for the larger class of RESERVES 
Space Vehicles (-2300 Ibs. to a 100 mile polar orbit). 
These two vehicles were selected on the basis of throw weight capability, 
processing time and flexibility, reduced launch crew size and proposed cost. 
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An additional benefit is the commonality of hardware, processing equipment 
and procedures since the Taurus is essentially a growth version of the Pegasus. 
The Taurus launch vehicle provides the performance requirements needed to 
support the projected flight envelopes for the family of RESERVES missions. 
Figure 3 shows a cutaway of the Pegasus vehicle. Pegasus is a 3 stage, all 
solid propellant vehicle with aerodynamic surfaces on the first stage. This 
configuration allows the deployment of the vehicle from a carrier aircraft 
(currently a NASA B-52B) at 40,000 Ft. 
Cola Gas \ \ I 
Thruslers (6)..J, I 
N2Tank~1 . 
I .- Singe 3 MOlot 
J . 
- Payload r a -Inll 




Fin JIclV310rs ~ 
Singe' MaiO( 
Figure 3 Pegasus Cutaway Schematic 
Taurus was selected as the baseline launch vehicle for the current 
RESERVES architecture. The selection criteria included: lift capability, launch 
processing complexity, crew size, and cost. Figure 4 shows the Taurus vehicle 
configuration. It is a four stage, all solid propellant vehicle utilizing existing 
hardware to reduce development costs. The Taurus uses Pegasus stages 1,2 
and 3 (with no aerodynamic surfaces), and the 1 st stage of the Peacekeeper 
missile. The vehicle is under development for DARPA, and supports a 
responsive launch capability using a small launch crew. 
The Pegasus was selected to provide launch capability for the 
Spacemine/ASAT Mission of RESERVES. 
2.1.1 Launch Facilities 
Utilization of launch support facilities at VAFB and CCAFS for the 
RESERVES program satisfies our criteria for using existing capabilities to 
minimize development costs. These existing ranges have the support 
capabilities required for RESERVES. 
The facilities required to support the RESERVES architecture are 
summarized in Figure 5 and Table 1. Launch vehicle subassemblies and 
space vehicles are received, processed, and then stored in an "alert condition." 
Vehicles on alert can be called up and launched in 72 hours. When the 
"Launch Order" is received the launch and space vehicles are transported to the 
launch system integration facility for integration. Pegasus vehicles are 
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camp Iy processed, transported out to the air strip facility for mating to the 
carrier aircraft and then launched. The Taurus is processed in a similar fashion. 
The SV is mated to stage 4, then stages 2,3 and 4 are mated. Stage 1 is 
transported directly to the pad and prepared for the mating of the top 3 stages 
as a unit. After complete mating, some final processing is completed and the 
vehicle is launched from one of two launch pads at either site. 
Payload FaIring --------; - Payload Dynamic Envelope 
Siagg " Aasombly --__. ~1--- Aylonlcs Module 
• Pegasus Slage 3 
Siage 3 Assembly -----j-
• Pegasus Siage 2 
Slage 2 Assembly -----/ 
- Pegasus Siage 1 
Sll\ile 1/2 InlGr51age ------f 
Assembly 
Slags 1 Assembly ----+ 
Peacokeeper Siagu t 
Cutaway View 
• Flight Computer 
• Inorlin' Navil19lion System 
• FlkJhl Termlnalion SySlom 
• Tolemelry Syslem 
- Electrical Power 
· Reaclion Conlrol Syslem 
Figure 4 Taurus Vehicle Configuration 
Table 1 Launch Configuration 
a TAURUS AND PEGASUS LAUNCH VEHICLES 
a RECEIVING INSPECTION/PROCESSING AND STORAGE FACILITY 
a "ALERT STATUS" STORAGE FACILITY 
a LAUNCH SYSTEM INTEGRATION FACILITY (LSIF) 
a TWO TAURUS LAUNCH PADS 
a PEGASUS/CARRIER INTEGRATION FACILITY 
o ALL SUPPORT REQUIREMENTS; 
o TRANSPORTATION 
o TEST EQUIPMENT 
a . CRANES 
a FUEL 
A concept that may prove beneficial to RESERVES is to utilize, with some 
modification, existing launch pads at both VAFB and CCAFS. Taurus requires 
only a very simple pad (present concept is a simple concrete pad with a launch 
staal) and could possibly utilize existing pads and flame buckets. More 
detailed study of this concept is required to assess its feasibility. 
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Figure 5 RESERVES Launch Segment Processing Flow 
2.2 Space Segment 
PADB 
The Space Segment consists of two modular spacecraft, both with the 
capability to support multiple payloads. The design philosophy used was to 
"suboptimize" the spacecraft design to provide a standard interface for a variety 
of payloads and to provide for a range of payload support requirements, such 
as pointing, power, momentum compensation, etc. 
Three representative missions were selected to model the design and 
development architectural requirements. These are; IR detection, Intra-Theater 
Communications and Remote Earth Sensing (RES). These missions have 
specific characteristics that impart the m 
ost demanding. design requirements on the architecture, and were selected 
to insure true mUlti-mission capability throughout the entire system. A subset of 
these requirements; size, weight and power, are shown in Table 2 as a top level 
summary. Satellites to support these representative missions have the 
following characteristics; 
Spacecraft weight: The most promising satellites weigh less than 
approximately 900 Ibs. All LEO satellites weigh between 600 and 900 
Ibs. All the HEO satellites weigh between 525 and 710 Ibs. 
Payload power: The highest orbital average power required by the most 
promiSing payloads is 250 watts. Estimated highest satellite orbit 
average power is less than 365 watts 
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Table 2 Payload Characteristics Summary 
MISSION SIZE WEIGHT AVE 
POWER 
IR DETECTION 62" x 26" dia 140 Ibs 80 WATTS 
8" x 37.5" dia 
REMOTE EARTH 50" x 17" dia 240 lbs 170 WATTS 
SENSING 2.0 ft. ANTENNA 
(RES) 8" x 16 "x 17" 
12" x 18 "x 32" 
INTRA-THEATER 0.5 ft.RECEIVE 241 Ibs 170 WATTS 
COMMUNICATIONS 2.0 ft. TRANSMIT 
ANTENNA 
1.4'x 1.4'x 1.2' 
ASAT 18" x 12" dia. 75 lbs 200/5 
WATTS 
HEO orbits: All long dwell missions are compatible with HEO orbits at 8 hrs 
with 63.40 inclinations. 
LEO orbits: All LEO orbits are less than 1,000 nmi, circular. 
Geostationary orbits tend to drive the mean mission duration (MMO) up past 
one year to take advantage of higher launch costs (they also drive 
sensor size, weight and power up) but allow for smaller constellation 
sizes for many missions. This trade leads to the type of assets currently 
on station at GEO. 
Payload up and downlinks: In all cases the, spacecraft must provide for 
downlinking some amount of payload telemetry (via an S-band SGLS 
downlink into the MCC). Spacecraft will need to be designed to handle 
two basic cases of payload command and mission data linking: 1) all 
communication links provided by the spacecraft, or 2) the payload 
provides these links, with a backup of commanding via the S-band 
uplink on the spacecraft. 
Payload commanding: While the missions are each unique in their specific 
requirements, theater operations concepts can be developed around 
three general levels of command interaction. A high level of payload 
commanding can be expected for missions which require pass-to-pass 
or real-time decisions on what is to be measured or reported to the 
ground user. A moderate amount of payload commanding would be 
required for changing communications modes (Le. from normal to 
antijamming) or power levels on the payload. Finally, some payloads 
can operate with no payload commanding. ' 
The two spacecraft are configured for the two different launch vehicles. The 
smaller Pegasus compatible bus was selected to support our space mine/ASAT 
mission .. The larger, more capable spacecraft is used for the three missions 
selected as "architectural drivers." A summary of the spacecraft features are: 
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• 3-axis Stabilized 
• Hydrazine Fueled 
• Variable Power Levels (170 W standby, 630 watts peak) 
• S and X-band Communications 
• GPS Navigation 
• 625 Ibs 
• 1 yr. MMD 
• Payload Interface: 37.456 dia bolt circle 
• Adiabatic Payload Interface 
A description of the three mission spacecrafts are as follows. 
2.2.1 Infrared Detection. 
There is broad potential application for an IR payload with multi-mission 
capability. With a new generation of high performance computers, payload data 
can be processed either on the satellite or on the ground. Data is transmitted 
directly from a satellite and used in-theater. Our current baseline concept calls 
for transmittal of raw (unprocessed or preprocessed) data directly from the 
satellite to the user for in-theater processing. Further study of satellite versus 
ground processing trades is needed to identify an optimum design. The basic 
IR sensor concept, developed with the assistance of AERO .. IET ElectroSystems, 
would perform multiple missions from different orbits (see Figure 6 ) under 
direct control of a specified ground based users. For dim targets a low earth 
orbit is appropriate. Using a step-scanned mirror, a staring array can be 
stepped across the earth's surface in a pattern synchronously with the satellite 
motion to provide IR mapping. Alternatively, the sensor may be commanded to 
survey specific regions of interest. Raw digital data would be transmitted to a 
cooperative ground. station for processing. This approach simplifies on-board 
processing requirements, thus reducing weight, and providing processing 
flexibility. 
Ground station processing can be optimized to the needs of a specific 
mission. The same sensor can be deployed to a higher orbit for missions 
involving detection of hot targets and longer dwell. Processing requirements 
would be different and the ground station software can be configured 
accordingly. 
Platinum-silicide (PtSi) staring arrays are recommended because of 
substantially better performance in the MWIR as summarized in Table 3. The 
longer dwell times achieved by the staring compensates for the low quantum 
efficiency of the PtSi detector.. This is indicated by both comparative detection 
range performance and NEli T. In addition, the PtSi arrays are based on well 
developed silicon technology, resulting in improved producibility and reliability, 
and easing the interface with detector readout and processing electronics. The 
PtSi arrays are also substantially more uniform minimizing calibration problems. 
PtSi staring arrays have accordingly been selected for our baseline design. 
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DIFFERENT MISSIONS CAN BE 
PERFORMED FROM DIFFERENT ORBITS 




Figure 6 Multi-Mission IR 
\ 
Table 3 Detector Performance Comparison 
40 em, F/3 Telescope PtS! 
Detection range against 10 W/sr target 500 km 
NEAT 0.09° K 
Uniformity ±1% 
Assumptions 
Number of Detectors 512x512 
Detector Size 30x30 J.lm 
Detector D* 1x1011 
Scan Efficiency 10% 










The performance of a PtSi MWIR staring array was also compared to a 
mercury-cadmium-telluride (HgCdTe) LWIR staring array (Table 4). Whereas 
the detection ranges against targets with the same intensity were identical, the 
LWIR sensor responds better to cold bodies such as the solar panels which 
have peak radiation in the long wave IR. The MWIR responds much better to 
hot targets such as plumes and afterburners. The overriding consideration in 
selecting MWIR is its better resolution. An advanced sensor concept might 
employ both sensors, sharing the same cryogenically cooled focal plane. 
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Table 4 IR Band Performance Comparison 
PtSi HgCdTe 
40 em, F/3 Telescope MWIR LWIR 
Detection range against 10 W/sr target 500 km 500 km 
Detection range against solar panels 1800 km 6600 km 
Detection range against boost phase TBM GEO 22000 km 
Resolution From 400 km 10 m 23m 
Assumptions 
Number of Detectors 512x512 256x256 
Detector Size 30J.lm 70J.lm 
Detector D· 1x10 11 2x1011 
Scan Efficiency 10%. 10% 
Figure 7 is a comparison of two sensors which could perform this mission. 
Due to better sensitivity at shorter ranges and flexibility of scanning modes, 
we've selected the Pt Si focal plane with step stare scanning as the baseline for 
this mission. 
SENSOR RANGE VS DETECTION THRESHOLD 
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The specific concept outlined in Table 5 represents the baseline design for 
this IR detection sensor. Figure 8 delineates key functions to be performed by 
the sensor and its interfaces to the spacecraft. Mirror pointing and/or scanning 
information is passed via the spacecraft to the scan controller. The collected IR 
radiation is focused on the detector array, which is cooled using a small Stirling 
cryogenic refrigerator. The focal plane data is read out via a CCD multiplexer to 
an analog uniformity compensation unit which removes the effects of detector 
nonuniformities and subtracts the average background. The data is then 
digitized to 12-bit accuracy, formatted, and buffered for transmittal via the 
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spacecraft. Mirror position data and time tags are provided for simultaneous 
transmittal. 
Table 5 Sensor Specifications: 
F# 3 
Focal length . 120 cm 
Optics 40 cmdia 
Focal plane PtSi, MWIR, 30 11m detector array, 
512 x 512 elements 
Wavelength 3 - 5 ~ (may have selectable filters for other 
wavelengths) 
FOV I IFOV 0.73° for total array 15.16 arcsec per detector 
Data Resolution 12 bits (per pixel) 
Frame rate 10 frames per sec 
Data Rate 31.5 mbps 
NE~T 0.09° C 
Weioht 1901bs 
Power 80 watts operating 
Table 6 catalogs coverage considerations for various potential IR missions. 
Table 6 Coverage Requirements for Various Missions 
TARGET Revisits per Maximum revistt Maximum Detection Altitude 
day interval (nmi) 
Solar Panels (Daytime) 6 12 Hrs 900 (200 provides maroin) 
Backfires 
wo/AB N/A Coverage Width I max 3,500 (1,000 provides 
Target Speed margin) 
{-15 min) 
w/AB N/A Same GEO (15,000 margined] 
TBMs 
Post-Boost N/A -30 sec -600 
During Boost N/A -30 sec GEO (15 000 marained) 
ICBMs 
During Boost !\I/A -30 sec GEO (15 000 maroined) 
Ground Vehicles 6 12 hrs 200 (Driven by Noise 
Equivalent Delta-
Temperature) 
A 40-cm Cassegrain with 10% obscuration is the proposed optical form. 
Such a telescope can provide the needed diHraction limited resolution over the 
required array field-of-view. A scanning mirror capable of scanning in two 
dimensions is !Jsed to point the sensor, generally step-scanning ±15° 
orthogonal .to the plane shown in the bottom of Figure 8 (providing 60° 
coverage cross-track). A ±11.25° rotation about the other axis makes it possible 
to provide coverage over 45° in the plane of satellite motion and motion 
compensation. The PtSi array is located centrally in the focal plane, requiring a 
telescope field-of-view of only 0.8°, 
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Figure 8 Block Diagram of IR Detection SAT 
BASELINE LEO SIC .~ 
(HEO SPACECRAFT . 
FOR 8-HR ORBIT) .. 
llNFRARED DETECTION SENSOR 
Figure 9. IR Detection Spacecraft with Payload. 
The telescope could be packaged within a cylinder 26" in diameter and 62" 
long. There is room around this cylinder to package the required electronics, 
shown in the diagram as a doughnut 37.5" in diameter and 8" high. First order 
estimates for this payload are 190 Ibs and 80 watts. 
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The first order estimate for the spacecraft bus needed to support this payload 
in LEO is 573 Ibs and 170 watts with 15% duty cycle; or 538 Ibs and 170 watts 
in HEO with 75% duty cycle for HEOs. This puts the total spacecraft wet weight 
at about 7631728 Ibs (LEO/HEO), operating power around 300 watts, quiescent 
power at 170 watts, and up to a 75% duty cycle. Figure 9 shows the integrated 
payload and spacecraft. 
2.2.2 Intra-Theater Comm. 
The customer p'rovided weight and power estimates for "Comm by the Yard" 
(CBTY) for three optional configurations. These estimates assumed 12-hr 
Molniya orbit and 5-year design life for the payloads. Since RESERVES is 
considering shorter mission durations and lower orbits, the CBTV estimates can 
be used as conservative estimates for the RESERVES payload. 
Of particular interest are the estimates for Option 2-36 (Option 2 with 
36 channels); 241 Ibs, 168 watts. These estimates include full redundancy in 
many of the electronics boxes (SHF Transmitter, Message Processing Unit, 
Mission Payload Computer, Frequency Synthesizer, and Master Oscillator), and 
at least partial redundancy in others, in order to meet the design life. Since 
RESERVES is looking at shorter lifetimes (-1 year), it is felt that with proper 
redesign, the weight for these subsystems can be significantly reduced. 
The first order estimate for the spacecraft bus needed to support this payload 
is approximately 500 Ibs and 150 watts. This puts the total satellite wet weight 
at about 741 Ibs, operating power around 320 watts. quiescent power at 
150 watts, and an assumed 75% duty cycle. Such a satellite would be within 
the upper bounds of a Taurus class launch vehicle to an 8 hr HEO orbit with 
63.40 inclination. 
Table 7 shows the requirements supplied for this mission. 
Table 7 "Strawman" CaTV EHF Requirements 
Minimum Elevation Angle 200 
TxlRx Ground Terminal 
Advanced Scamp (2' dish, 5 W TXt 5 dB/K G/T) 
CINC (3' dish, 158 W Tx, 6.8 dB/K G/T) 
Frequency/Data Rate 44 GHz up, 20 GHz On, 
2400 bps/channel 
Modulation LOR SGLS Format (8-FSKlDPSK) 
Capacity 36 Voice Channels (VV), 2400 bps 
ea. (includes 4 service channels) 
Figures 10, 11 and 12 depict the current Intra-Theater Comm concept. 
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Figure 12. Communications Spacecraft with Payload. 
2.2.3 Remote Earth Sensing (RES Sat). 
This payload would perform the minimum acceptable tasks for all three of 
the tactical remote earth sensing missions (Weather, Land Battlefield, and 
Ocean Tactical Area Monitoring) with a single sensor set. This of course 
requires a smart choice of sensors from currently available sensors (costly to 
develop new sensor complement). 
Our analysis, with the assistance of AEROJET ElectroSystems, consisted of 
assessing the capabilities of 25 existing and planned sensors, each weighing 
less than 100 Kg, against forty Tactical Wx. Tactical Land. and TOA Monitoring 
mission parameters. An assessed value from zero to one was assigned for 
each sensor performance for each parameter. One indicates that sensor 
provides all of the information needed by an analyst for that parameter. These 
assessments are subjective but provide a traceable method for analyzing 
combinations of sensors. 
In an attempt to find a combination of two sensors which would meet the 
minimum essential requirements for this mission, all 300 possible combinations 
were examined. First, the sensor combinations' performance against the 
minimum essential requirements (MERs) were assessed within each mission. 
The MER parameters were assumed equal to each other within each mission. 
Due in part to a lack of specific detail in the mission requirements, no 
combination of two could be found which would perform all the minimum 
essential requirements. However. several pairs were found to meet a balanced 
set of the requirements. 
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Second. for the most promising sensors (A-OlS, AVHRR2, AVHRR3, SSM IS 
AND VTIR), an assessment was made on the combinations performance 
against the established goals for each mission. As a result, the third generation 
Advanced Very High Resolution Radiometer (AVHRR/3) and the Special 
Sensor Microwave Imager Sounder (SSMIS) were selected for use on the RES 












Table 8 RES Sensor Characteristics 
SSMIS 
125 Ibs (plus -65 Ibs of electronics) 
20" x 17" dia 
2' offset parabolic antenna 
113 w peak (plus -30 w for electronics) 




12 x 16 x 32 in 
29 W peak 
2 Mbps peak (665,000 bps nominal) 
0.10° 
450 nmi 
Figure 13 is a conceptual block diagram of this payload. Figures 14 and 15 
show the individual sensors, and Figure 16 shows the integrated payload suite 
with the spacecraft. 
The first order estimate for the spacecraft bus needed to support this payload 
is 525 Ibs and 350 watts. This puts the total satellite wet weight at about 775 
Ibs, operating power around 400 watts, quiescent power at 170 watts, and an 
assumed 15% duty cycle. 
The spacecraft was specifically designed to support a range of payloads 
with different but similar requirements. The design simplifies assembly, 
processing and handling requirements, with the capability to be stored in an 
"alert status" for one year. Alert status requires some preprocessing be done 
(payload mate and integrated test completed) and monitoring of the vehicle 
while in storage. 
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Figure 13 RES Sat Block Diagram 
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Figure 15 AVHRR Diagram 
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Figure 16. Conceptual RES Spacecraft with Payload. 
2.3 Mission Control Segment 
The RESERVES architecture consists of a centralized control location for the 
entire system located at the CSOC in Colorado. The mission control center is 
the hub for all system communications and control. The MCC is highly 
automated, taking advantage of commercial computer hardware and software 
20 







































technology. An MCC physical layout and operational/equipment configuration 






















Figure 17 RESERVES MCC Floor Plan 
The architecture uses the AFSCN for networking satellite contact and 
support. This system is in place and provides the operational capability and 
flexibility that RESERVES requires. 
The present MCC manning configuration consist of 5 shift personnel 
conducting satellite constellation support in a work station environment. 
Vehicle health and status is automatically evaluated by software and condition 
status displayed to the operator, essentially giving him a "go/no-go" indication. 
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Downlinked data is archived for reference and statistical analysis. The MCC 
has the capability of supporting up to a 21 satellite constellation over any 12 
month period. T~lis analysis was performed to determine the operational impact 
of managing a large constellation utilizing the AFSCN. The MCC controls the 
satellites on orbit to maintain health and status of both the bus and the payload 
guaranteeing support to the tactical user with the services required. 
Table 9 shows that the current MCC concept can support a constellation of 
21 satellites with an average of 24 contacts per 24 hour period. This level of 
RESERVES interaction with the AFSCN is within the capacity of the existing 
system. Nominal AFSCN resource utilization is required. 
Table 9 Satellite Constellation Management 
MCC Crew Number MCC ACTIVITY 
(Nominal Ops) of 
Vehicles 
Maximum 
Simultaneous Estimated Daily 
Contacts Contacts 
5 21 2 
For Jn~raction I Forln~toring 
NOTE: All MCC activity above is based upon satellite constellation Operational Availability (OA) of 
92% and 90 minute Low Earth Orbit (LEO) for worst case condition. 
2.4 Theater Operations Segment 
This segment includes all equipment and concepts required to provide the 
theater user the services and payload data he requires. Figure 18 provides an 
overview of the theater operations segment architecture. To achieve the most 
cost effective design, and to more effectively utilize existing hardware, we 
recommend utilization. of existing and developed ground theater equipment 
wherever possible. The Theater Operations Segment architecture to support 
RESERVE's representative missions are as described below and shown in 
Table 10. 
2.4.1 I R Detection Mission 
To support real-time surveillance, the IR Detection mission would require a 
new set of ground terminal equipment, the RESERVES Unique Terminal (RUT). 
The RUT configuration utilizes the MIDUMIST X-band RF communications link, 
porting data into the recorder and then on to the processor to drive the work 
station environment for the tactical user. This system allows the operator to 
read out data, and generate and upload commands to the payload. 
The RUT is packaged in a standard S-280 electrical shelter (single van), as 
illustrated in Figure 19, or possibly in a smaller, multiple vehicle configuration. 
The workstations have the capability to allow the operator to highlight a hot spot 
shown on his display for lat, long, time tag and pixel temperature above 
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ambient. The design concept will overlay the IR returns on an appropriate map 
for relative location identification. 
Table 10 Mission Payload Equipment Availability 
RESERVES DOWNLINK DATA PAYLOAD COMMANDING 
MISSIONS RECEPTION/ PROCESSING 
IR Detection RUT 
• All New 
• Utilize MIST System 
or Modified TOS 
• Software for Data 
Exploitation 
or MIST 
• Link Processing only 
- New Mission Data Processing 
• All New 
• Utilize MIST System 
- Uplink Mod Required 
• New Mission - Data 
Processing is 
Required 
• Link Processing only 
• New Mission Data 
Processing 
Communicatio Existing Systems Existing Systems 
n s • Navy EHF SATCOM Program 
(NESP) 
• Single Channel Objective 
Tactical Terminal (SCOTT) 
• CINC 
-SCAMP 
RES Existing Systems 
- DMSP Mark IV TACfERM 
• DMSP Mark IVB TACfERM 
Modified Cmd SW 
Space Control New New 
NOTE. New = 
Exists '" 
Modified = 
No existing equIpment. AU new development With Increase In belded equipment. 
No or minimal modifications required. 
Existing equipment will require modification with minimal increase in fielded equipment. 
The RUT will provide the following communications capabilities: 
a. X-Band 10 GHz uplink @ 200 Mbps (MAX) 
b. X-Band 10 GHz Downlink @ 274 MBPS (MAX) 
These requirements are satisfied by employing existing MIST equipment 
components in the RUT design. The other components of the RUT design 
provide the data processing and command and control capabilities required to 
command the mission payload. This suite of equipment provides a high density 
on-line storage capability employing both magnetic and optical disk 
technologies. The maximum on-line storage capacity exceeds 1 gigabyte. 
The processing suite of equipment employs moder'n state-of-the-art 
technologies for processing the mission data and to manage input/output 
control. The main processor maintains data element integrity automatically on 
its secondary processor through its local area network. This backup feature 
allows a fallback capability should the primary processor incur an error. 
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P/L Utilization Coordination 
Figure 18 RESERVES,Theater Operations Segment Architecture. 
The command processor, as well as the other 4 work stations, are reduced 
instruction set computer (RISC) based technology workstations that provide 
main frame processing capabilities. Employment of this type of high technology 
workstation demand very little floor space, power, and environmental controls. 
Currently our concept for this workstation is the SUN 4 or equivalent. 
The command generator/security control subsystem provides the capability 
to ensure proper command structure verification and authentication. This 
previously labor intensive operation is performed by one operator using one 
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Figure 19 RESERVES Unique Ground Terminal Equipment 
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2.4.2 Intra-Theater Communications Mission 
Communications payloads organic to the RESERVES program are 
compatible with the MILSTAR Satellite Communications System. MILSTAR 
operates in theEHF band and was designed to be operated by a new family of 
EHF ground terminals. Utilization of EHF will provide jam resistant 
communications capabilities. Due to the implementation of EHF, the 
RESERVES communications payload will be processed on one of the new 
terminals being developed to be deployed with the MILSTAR program. 
Currently, there are four terminals being developed in conjunction with 
MILSTAR. 
a. NESP. The U.S. Navy has issued full scale development contracts for the 
development of. shipborne and airborne terminals with Raytheon/Linkabit 
and Harris{rRW. This program, designated the Navy EHF Salcom Program 
(NESP), has produced six shipborne terminals for evaluation. Eventually, 
one terminal will be selected as a production model. 
b. CINC. The U.S. Air Force has issued parallel development contracts for 
airborne MILSTAR terminals with Hughes/Linkabit and Raytheon/Rockwel1. 
This program, entitled CINC, will provide airborne qualified terminals to be 
inserted into airborne platforms such as the B-52, B·1 B, B-2, E-3A AWACS, 
and the E-4 Command Post. 
c. SCOTT. Additionally, the U.S. Army has issued a contract to design low 
volume, low signature MILSTAR ground terminals. This terminal, 
designated the Single Channel Objective Tactical Terminal (SCOTT) will be 
deployed with widely dispersed fixed and mobile users. 
d. Advanced SCAMP. This terminal uses a 2 foot dish and 5 watt transmitter. 
Additional information is forthcoming. 
2.4.3 RES MiSSion 
The Remote Earth Sensing mission (RES) has built in commonality with the 
current DMSP program. This mission data will be downlinked to existing MARK 
IV, and the new MARK IVB (Reference Table 11) tactical terminals 
(TACTERMS). Minor software modification will be required to the TACTERMS 
to correctly process this data. Hardware changes are not foreseen at this time. 
The TACTERMS are already connected to the weather data dissemination 
network 'and linked to the proper command structure thereby utilizing existing 
capabilities. 
The system is designed to automatically acquire the satellite as it passes 
within the theater. On a periodic basis (weekly). the weather coordinator will 
review a pass schedule generated by the system. This pass schedule is 
created from ephemeris data which is contained within the downlinked data 
stream. This schedule will also list the passes of other available sources for 
weather data. The system will flag any conflicts between the satellites and 
25 
McDonnell Douglas Electronic Systems Company 
allow the coordinator to change the initial selection. The coordinator may also 
review pass coverage displays which graphically illustrate the swath coverage 
of all the sensors. 
Table 11 Mark IVB Tacterm Capabilities 
o DATA SOURCES: 
• DMSP 
• NOM (TIROS) 
• GOES-NEXT (NOAA NEXT GENERATION) 
• GMS (GEOSTATIONARY METEOROLOGICAL SATELLITE (JAPAN) 
• METEOSAT (ESA) 
o 12 OPERATED AS FIXED SITES WORLDWIDE 
o 4 FOR WORLDWIDE CONTINGENCY SUPPORT 
o COMPUTER PROCESSING/WORKSTATION ENVIRONMENT 
o 2 ANTENNAS FOR SIMULTANEOUS CONTACT SUPPORT (10') 
o CONNECTIVITY WITH EXISTING WEATHER DATA DISSEMINATION NETWORK 
o TRANSPORTABLE 
The coordinator will then review the schedule of any available satellite 
assets. The scheduling of satellites is driven by the locations of severe weather 
as well as the area of tactical interest. This schedule is expected to change on 
a daily basis. After the schedule is set, the system will acquire the satellite as it 
rises above the horizon. The antenna system features both a program track and 
an autotrack capability in order to follow the satellite path across the theater. 
Once the signal is acquired, the antenna control switches to autotrack which 
uses the satellite downlink to precisely locate the satellite's position. 
In contrast to earlier processing systems that produced an image that was 
then distributed, t,his tactical terminal will provide the additional capability to 
disseminate both to users within the theater as well as users outside the theater 
area desiring that data. Uniform gridded data fields are created from the data 
base, rotated to the grid system of the external user, and transmitted to the 
tactical air force and army host computers utilizing standard communications 
methods and equipment. Upon receiving the data, the meteorological data 
fields can be fused with electro-optical target acquisition and navigation system 
performance and target parameters to create an integrated data base. 
3.0 Concept of Operations 
Figure 18 depicts the RESERVES concept of operations three phases of 
activity. These three phases directly relate to the order into which a mission will 
be conducted. Also, each of the three phases have normal day-to-day activities 
that must be completed for each system segment to be prepared to respond to a 
launch mission request. The relationship that exists between RESERVES 
system segments and the operational phases of activity are shown in Figure 19. 
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o On-Site Periodical 
Testing of Modules 
o Storage/Assembly 
o Prellight Systems 
Checkout 
o Launch 
o Control Passed 
......... ~ "" --'_. 
Launch Sil. 
Orbit Control Payload Utilization 
o Prellight Comm Check 
o System Checkout 
o Monitor Launch 
o Accept Opeon 
o Control Maneuvering to 
Orbit 
o On.Qrbit Check 
o Declaration of State of 
Operational Readiness 
o Control Passed to User 
o Postlaunch Control 
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Figure 20 Three Phases of CONOPS Activity 
SEGMEN~ Launch Orbit Payload 
.' CONOPS Control Utilization 
Launch Vehlc;le • 
.c Launch Pad • u Launch CC • • C ::J !I Storage/ Assembly • SIC Bus(es) • • 8 Payloads • • • III 11 (/). AGE • 
.~ ! 
Mission Control Ctr • • • 11: SCN (or equlv) • • :lB Communication • • • " Mission Planning Tools • ~j -= i! Payload Cmd Links CIt t=& 
Data Proc HW/SW • 0 
Figure 21 RESERVES Segment and CONOPS Relationships 
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3.1 Launch Phase. 
Figure 22 represents the launch phase covering all activities at the launch 
base, launch pad, platform, and satellite/launch vehicle integration facilities to 
prepare a launch vehicle and space vehicle to respond to a launch mission 
request. This phase also includes the activities at the LCC such as 
configuration of internal and external communications, coordination of range 
safety requirements, and coordination with range support facilities, Activities 
during this phase are conc.erned with achieving and sustaining alert status, as 







Figure 22 RESERVES Launch Phase Activities 
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Figure 23 Typical RESERVES Launch Countdown 
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The launch segment's responsibilities consists of the activities required to 
prepare a specific launch vehicle for launch. The MCC in coordination with 
higher authorities, will determine mission parameters. Once a RESERVES 
mission has been directed by the JCS, the Launch and Space Segments 
commence the 72 hour countdown. The launch plan, developed previously for 
each specific mission, will be implemented. During the countdown process, 
shown in Figure 23, the mission specific space vehicle and launch vehicle are 
transported to the launch pad, and final prelaunch system checkout is 
conducted. Range- control and remote tracking resources (AFSCN) are tasked 
and configured by the Launch Segment to support the mission. Once all 
systems are declared functional, the vehicle is launched at the predefined lift-off 
time to achieve the required orbit. Following launch, the initial orbit ascent is 
monitored by range safety up until the final stage separates from the vehicle; 
control of the vehicle is then assumed by the Mission Control Segment. 
3.2 Orbit Control phase. 
Orbit Control 
o Preflight Comm Check 
o System Checkout 
o Monitor launch 
o Accept OpCO" 
o Control Maneuvering to 
Orbit 
o On-Orbit Check 
o Declaration of State of 
Operational Readiness 
o Control Passed to User 
o Postlaunch Control 
Figure 24. RESERVES Orbit Control Phase Activities 
As shown in Figure 24, the orbit control phase of activity covers all the 
activities performed at the MCC to coordinate pr-elaunch communications, 
checkout and verification, controlling and monitoring the satellite to its final orbit, 
final on-orbit system checkout and verification, declaring the satellite 
operationally ready, and then finally relinquishing control of the payload to the 
theater user. Additionally, during times of normal on-orbit operations, this 
phase includes the activities to maintain the health and status of RESERVES 
spacecraft and payloads, to include any activities necessary to maintain the 
satellite within its specified operational parameters. 
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As the controlling node of the RESERVES system, the MCC will receive a 
mission call-up directing a launch. The JCS tasking message will assign 
priority of launch, therefore resolving any launch conflicts. The MCC 
commander will relay launch and space vehicle instructions to the launch base, 
while commencing coordination with the theater user segment for final orbital 
and payload requirements, plus activating procedures to prepare the theater 
segment to accept operational control of the payload. 
The MCC also serves as the center for satellite anomaly resolution. When 
payload performance degradation or anomalies are identified, procedures are 
activated to resolve the problem, thus bringing the payload back within its 
operational parameters. If the situation demands, the MCC has the capability to 
accept control of the satellite for extensive diagnostics, analysis, and anomaly 
resolution. In the event that attempts by the MCC to resolve the satellite 
anomaly prove unsuccessful, the MCC will declare the satellite unavailable for 
operations. Subsequent actions will be undertaken by the MCC anomaly 
resolution personnel to resolve the problem. For example, after nine hours of 
attempted problem resolution, the MCC personnel will relinquish control of the 
spacecraft and payload to a separate anomaly resolution section. This section 
is staffed by personnel situated at the RESERVES Satellite Integration Facility 
(RSIF) and is comprised of contractor/vendor spacecraft and mission payload 
technical specialists. By relinquishing control, the MCC personnel can focus on 
its primary mission of command and control of healthy RESERVES satellite and 
constellation management. In addition to anomaly response, RESERVES 
contingency plans developed and approved by AFSPACECOM (Deputy for 
Operations) will include policy guidance. 
3.3 Payload Utilization phase. 
As shown in Figure 25, the payload utilization phase of the RESERVES 
concept of operations is concerned with those activities that must be performed 
in the theater to command, receive, process, and distribute RESERVES payload 
data. A RESERVES launch is in response to a theater commander's request for 
a specific payload, or a specific mission which may be comprised of numerous 
payloads in orbit. Multiple launches (and payloads) requested by the user 
comprise a constellation of payloads available as requested in support of 
different types of data covering a theater, or a single mission with 24 hour 
coverage requirements (Le. theater communications), or any combination 
thereof. 
Accordingly, the. theater will constantly be training and preparing for such a 
request. With the knowledge that a mission can be launched within 72 hours of 
the request being received at the MCC, the theater commander has at his 
disposal an available resource, that is in effect a force multiplier, by requesting 
that the Joint Chiefs of Staff approve a RESERVES mission. After the mission 
has been launched and declared operational, the command and control of the 
payload ;s under the direct control of the theater commander. Also, the theater 
commander has the option of delegating payload command and control to the 
MCC. 
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Figure 25. RESERVES Payload Utilization Activities 
4.0 Conclusions 
The progress made to date on RESERVES has demonstrated a utility 
needed by our nation's warfighters. The capabilities provided by RESERVES is 
a progression toward making space systems an integral asset in an operational 
military weapon system. These concepts stretch the way space activities are 
currently envisioned and challenge us to provide space system capabilities 
tailored for tactical use. The concepts presented will require a total architectural 
systems design approach specifically developed to support rapidly changing 
tactical situations and requirements. 
RESERVES was developed to uniquely satisfy the "six essential 
requirements" unlike any other system in existence today. These requirements 
were developed to provide assured military use of space without the current 
deficiencies of excessive cost, launch availability, connectivity, survivability and 
trust in space systems not organic to the tactical commander. The real 
requirements drivers are mission flexibility, satisfy operational military needs, 
timeliness, system endurance and system development for military operations 
of launch, orbit control and particularly theater user operations .. 
The development work to date for RESERVES is valid. We have developed 
a cost effective, small satellite build approach taking maximum advantage of 
modularity and design commonality. The system can be implemented with 
current state-of-the-art technology for cost effectiveness and reduced 
development cycle timelines. The architecture addresses the tactical 
requirements with maximum utilization of existing resources to minimize 
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ove ing new systems on a force moving towards ever greater degrees of 
mobility and deployable capabilities. 
Achievement of the objectives of RESERVES will require changes in current 
thinking. Affordable, responsive space systems present unique challenges to 
traditional acquisition and operation concepts. Our space culture has grown 
away from responsive launch and program development cycles. As a result, all 
the supporting infrastructures have followed this trend moving us away from the 
capabilities we require. A cultural change to bring RESERVES into an 
operational mode will provide a system capable of satisfying the six essential 
requirements fulfilling the tactical needs unmet today. 
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